Abstract.---Unusual strong magnetic anisotropies in CeBi and CeSb are explained based on the anisotropic mixing mechanism between the 4f states and the valence electrons, This is consistent with the fact that no such strong anisotropy isfbund in other Ce-pnictides.
Ce-pnictides are interesting materials showing various unusual anomalous properties. In CeN, Ce is believed to be tetravalency and thus non-magnetic /l/, while in CeP, Ce Cs trivalency and thus the real valence fluctuation is expected to occur in their alloys /2/. They are also interesting in the sense of narrow gap semiconductor. The gap between the conduction bands, which are made mostly by the 5d t atomic states with the 2 9 minimums at the three X-points / 3 / , and the valence bands,which are made mostly by the p states of pnictogens with a maximum at the r-point /3/, seems to disappear in between CeP and CeAs. In actual materials, however, because of the difficulty to make perfact crystals without vacancies, sharp change for the metal-non metal transition is not observed in their transport properties. On the other hand, the magnetic properties show a lot of variety /4/. In particular, the magnetic properties of CeSb and CeBi are very unusual, with many phases depending on temperature and magnetic field, however, in all ofwhich the sublattice moments are kept in the [lo0 1 direction. Even the strong field up to 150 kOe in the 1 111 1 direction can not change the direction of the sublattice moments /5/. This is not understood from the usual crystal field effect because the ground state for the crystal field splitting is the doublet, which is spherical and in CeBi the crystal field splitting is believed-to be very small.
Cooper tried to explain this unusual anisotropy by the strong magnetoelastic effect / 6 / , but it is difficult to give such a large anisotropy. Here, we explain this anisotropy on the stand point of the anisotropic f-p virtual mixing mechanism, or the anisotropic virtual valence fluctnnting process.
In CeSb and CeBi, the 4f state is expected to be about 1 eV below the Fermi level. Therefore, in the first approximation, the 4f state in each C e site is treated as a localized state under the cubic crystal field and the exchange field approximated by the usual molecular field form, in vhich vi means a 4f state in the above mentioned means in i-th Ce site. In this paper we show a simplest case, for simplicity, that is the perfect ferromagnetic alignment for T=O and for the weak crystal field limit. More general case will be given in a separate paper. Therefore, in the following, v.=M ZJ in which the polar 1 J angles of the magnetic moment with respect to the crystal cubic axis are given by 0 and @.
AS mentioned before /7/, the strongest mixing of the 4f state occurs with the valence p states because of the Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1980554 shortest distance with pnictogens. Notethat there are no intra atomic mixing between the 4f and the 5d bands. When the valence bands are filled, for CeM and CeP, no virtual f-p mixing effect exists except relatively small f-d mixing. Even in CeAs, in which the holes are expected to begin to be formed around the r-point, the f-p mixing effect seems to be not so important. In CeSb and CeBi, the number of the holes increases further and thus the f-p mixing effect should have important role. Here, the valence bands are treated by the simple tight binding model and then the f-p aixing matrix is given by the fo$Eowing form,
(J) in which the rotation matrices rmI are given in, for example, Messiah's textbook /8/ and the Slater-Koster's integrals (pfM) are usually written as (~£ 0 )
(pff 1) = (pfv) and so on /9/.
The polar angles of the lattice vector Riil are given by (Oii , aiiI ) with respect to the crystal axis. For simplicity, the f-p mixing is treated by the second order perturbation, even though it may not be a good approximation in the present case, The second order energy change U per Ce atom is given by in which the summations o n 4 and the band suffixp are performed on the unoccupied valence bands and the valence band is given by the linear combination of the atomic p states, ~smslml,jmj;i). To see the situation clear, we treat here the two limiting cases. The case (i) is for the limit of the small hole number in which the holes are concentrated at the r-point. The case (ii) is for the large hole number limit and we assume that the holes occupy the whole valence bands in an equal weight.
Case (i) We treat at first the weak 1s coupling limit. Therefore the atomic state is given by (msml). Then in which nh is the number of the valence hole per Ce atom. In the second, we treat the limiting case of the strong 1s coupling and then the atomic state is given by Insml,j=h.). Then [ 0011 because of E4£-E < 0 in disagreement with the experimeh5. In the second case, too, the situation is similar to the first case as seen in figure 1. The present mechanism may be understood in the following way. The 4f levels coexist with the valence bands and, through large f-p mixing matrix, make virtual bound states with fairly large width. When holes appear in the valence bands, the holes of the virtual bound states also appear, which, however, depend sensitively on the magnetic structure and temperature and thus induce
